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(57) Abstract: A self-aligned magnetic clad 
bit line structure (274) for a magnetoresistive 
memory element (240a) and its method 
of formation are disclosed, wherein the 
self-aligned magnetic clad bit line structure 
(274) extends within a trench (258) and 
includes a conductive material (250), magnetic 
cladding sidewalls (262) and a magnetic 
cladding cap (252). The magnetic cladding 
sidewalls (262) at least partially surround the 
conductive material (264) and the magnetic 
cladding cap (252) is at least substantially 
recessed within the trench with respect to the 
top of the trench. 
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SELF-ALIGNED MAGNETIC CLAD WRITE LINE AND METHOD 

THEREOF 

5 Field of the Invention 

The present invention relates generally to a magnetoresistive 
random access memory (MRAM) device and a fabricating method 
thereof, and more particularly to a MRAM device write line structure. 

10 

Related Art 

Magnetoresistive random access memory (MRAM) technology 
development is currently underway for use as a type of non-volatile 

15 memory by the semiconductor industry. MRAM may also prove useful 
as dynamic random access memory (DRAM) or static random access 
memory (SRAM) replacements. There are two main types of MRAM: 
MTJ (magnetic tunnel junction) and GMR (giant magnetoresistive) 
MRAM. FIG. 1 shows a portion, or a memory bit, of an MTJ array 10 

20 which includes a write line or a bit line 12 intersected by a number of 
digit lines 1 4. At each intersecting write line and digit line, a magnetic 
tunnel junction sandwich 16 forms a memory element in which one "bit" 
of information is stored. The magnetic tunnel junction sandwich 16 is 
comprised of a non-magnetic material 18 between a magnetic layer of 

25 fixed magnetization vector 20 and a magnetic layer in which the 
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magnetization vector can be switched 22; these will be referred to as a 
fixed layer 20 and a free or switching layer 22. 

It is advantageous for a variety of reasons to increase the packing 
density of memory cells in the memory array. A number of factors 
5 influence packing density; they include memory element size and the 
relative dimensions of associated memory cell circuitry, i.e. bit lines and 
digit lines, and any semiconductor switching or access device within the 
memory cell. For example, referring to FIG. 2, a cross-sectional view of 
a portion of a prior art MRAM write line structure 1 00 is shown. (The 

10 write line structure 1 00 can be a bit line structure in an MTJ array or a 
word line structure in a GMR array.) The write line structure 100 includes 
a conductive material 104 surrounded by magnetic cladding members 
103 and 106. The magnetic cladding members 103 are formed using 
high-permeability materials that have magnet domains in the plane of 

15 the cross-section shown in FIG. 2 which are magnetized and 

demagnetized upon the application and removal of an applied magnetic 
field. When current is applied through the conductive material 104, the 
corresponding magnetic fields associated with the magnetic cladding 
members 103 and 106 help to enhance the magnitude and more 

20 effectively focus the overall magnetic field associated with the write line 
structure 100 toward its associated memory element (not shown). 
Additionally, the magnetic cladding members 103 and 106 also help to 
shield the bit line's magnetic field from memory cells associated with 
other write lines, thereby protecting their programming state information. 

25 The prior art method for forming the write line structure 100 
includes first etching a trench 102 in the dielectric layer 101. Next, a 



-2- 



WO 02/41367 PCT/US01/47363 



layer of a high-permeability magnetic material, such as a layer of an 
alloy of nickel-iron (NiFe), is deposited over the dielectric layer 101 and 
in the trench 1 02. The layer of high-permeability magnetic material is 
then anisotropically etched to form magnetic cladding sidewall (spacer) 

5 members 1 03 adjacent the trench sidewalls. After forming the magnetic 
cladding sidewall members 103, a conductive material 104, such as 
copper or aluminum, is deposited overlying the dielectric layer 103 and 
within the trench opening 102. Then, portions of the conductive material 
104 not contained within the opening 102 are removed using a chemical 

10 mechanical polishing (CMP) process. Finally, an overlying layer of high- 
permeability magnetic material is deposited, patterned, and etched to 
form the magnetic cladding capping member 106. 

The magnitude of the magnetic field at the location of the memory 
element is enhanced by the presence of the cladding, thus less current 

15 is required in the conductive material 104. Because the magnetic 
cladding capping member 106 is formed overlying the trench 102, it 
must be patterned and etched having a width dimension Z which is yet 
greater than the trench 1 02 width dimension X. Moreover, alignment of 
the magnetic cladding capping member 106 to the trench 102 can be 

20 critical. Failure to properly align the magnetic cladding capping member 
106 over the trench 102 can result in less-than-optimal magnetic fields 
being generated by the bit line or the undesirable exposure of adjacent 
circuitry to uncontained magnetic fields. Thus, the dimension Z of the 
magnetic cladding capping member 106 must additionally be upsized to 

25 take into account any alignment tolerance error. Therefore, an ability to 
reduce the dimension Z of the magnetic cladding capping member 106 
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can correspondingly improve the scalability of the MRAM array packing 
density. 
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Brief Description of the Figures 

The present invention is illustrated by way of example and not 
limitation in the accompanying figures, in which like references indicate 
similar elements, and in which: 

FIG. 1 includes a cross-sectional diagram illustrating a portion of a 

prior art MTJ MRAM array. 
FIG. 2 includes a cross-sectional diagram illutrating of a prior art 

MRAM write line structure; 
FIGs. 3-6 includes illustrations of cross-sectional views showing 

the fabrication of a portion of an MRAM array; and 
FIGs. 7-14 include cross-sectional illustrations of an embodiment 

of the present invention showing formation of a bit line 

structure used by memory cells in the MRAM array shown in 

FIG. 6; and 

FIG. 15. includes a cross-sectional diagram illustrating a portion of 
an GMR MRAM array; 

Skilled artisans appreciate that elements in the figures are 
illustrated for simplicity and clarity and have not necessarily been drawn 
to scale. For example, the dimensions of some of the elements in the 
figures may be exaggerated relative to other elements to help to improve 
understanding of embodiments of the present invention. 
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Detailed Description 

An embodiment of the present invention will now be discussed in 
5 further detail with respect to the accompanying figures. 

In accordance with an embodiment of the present invention, a 
magnetoresistive random access memory (MRAM) and its method of 
formation are disclosed. FIGS. 3-13 illustrate cross-sectional views of 

10 fabricating an MRAM device that includes magnetic memory elements, 
transistors for switching the electrical connections to the magnetic 
memory elements in reading operations, and associated magnetic 
memory element digit line and bit line circuitry. 

Referring to FIG. 3, a cross-sectional view that includes a partially 

15 fabricated MRAM device 201 is illustrated. The MRAM device 201 
includes a mono-crystalline substrate 200 (or other suitable substrate, 
such as silicon on insulator (SOI) or the like), isolation regions 202, and 
switching transistors 207a and 207b. In accordance with one non- 
limiting embodiment, the mono-crystalline substrate 200 is a P-type 

20 silicon substrate and the switching transistors 207a and 207b are NMOS 
transistors. Switching transistors 207a and 207b further comprise re- 
type doped regions 208 and 21 0, gate dielectric layers 204, and gate 
electrode layers 206. The gate electrode layers 206 also form the word 
lines which run parallel to the digit line in this embodiment (not shown in 

25 FIG. 4). NMOS switching transistors 207a and 207b are fabricated 
using conventional CMOS processes. Other circuit elements, for 
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example, input/output circuitry, data/address decoders, and 
comparators, may be contained in the MRAM device, however they are 
omitted from the drawings for simplicity. 

In one embodiment, after forming the switching transistors 207a 

5 and 207b, the surface of the N-type doped regions 208 and 21 0 and the 
surface of the switching transistors 207a and 207b are silicided to form 
the regions 212a, 212b, 214 and 215. In a read operation of a memory 
cell, a positive voltage must be applied to the drain region 210 of the 
switching transistors 207a and 207b. This is accomplished by having a 

10 sense line in contact with the drain regions of all transistor pairs along a 
particular row of the array. This sense line is parallel to the word and 
digit line in the present embodiment. 

In one embodiment the sense line can be formed by connecting 
adjacent drain regions 210 and associated silicide regions 214. 

15 Alternatively, these drain regions can be connected by a separate 
conductor. In the embodiment shown in FIG. 4, the sense line is the 
conductive member 216 which is formed overlying silicided region 214 . 
In accordance with one embodiment, the conductive member 216 is a 
layer of tungsten that has been formed using a conventional inlaid 

20 process. Conductive member 21 6 provides a sense current to 

subsequently formed magnetic memory elements through transistors 
207a and 207b. An explanation regarding the formation of magnetic 
memory elements will be explained hereinafter. In yet another 
embodiment, the sense line can be formed from a series of contact 

25 windows and contact plugs to the individual drain regions 21 0 and 
formation of a separate conductor line. 
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An interlevel dielectric (1LD) layer 218 is then formed overlying the 
substrate surface (Note, when used in this context "substrate surface" 
includes the semiconductor device substrate as well as all layers 
fabricated on the semiconductor device substrate up to the point of 

5 processing under discussion. Therefore, substrate surface refers to the 
present uppermost surface of the substrate, including all structures 
formed thereon). In one embodiment the ILD layer 218 is a silicon 
dioxide containing material deposited by chemical vapor deposition 
(CVD) using tetraethoxysilane (TEOS) as a gas source. Alternatively, 

10 ILD layer 21 8 may be a layer of silicon nitride, a layer of phosphosilicate 
glass (PSG), a layer of borophosphosilicate glass (BPSG), a spin on 
glass (SOG) layer, a layer of silicon oxynitride (SiON), a polyimide layer, 
a layer of a low-k dielectric material (for the purposes of this specification 
a low-k dielectric material or low dielectric constant material is any 

1 5 material having a dielectric constant less than approximately 3.6), or the 
like. Deposition can occur alternatively, by physical vapor deposition 
(PVD), a combination of PVD and CVD, or the like. 

Conductive plugs 220a and 220b, which provide conduction of 
sense currents to the subsequently formed magnetic memory elements, 

20 are then formed within the ILD layer 21 8 and interconnect to the silicided 
regions 212a and 212b. In accordance with one embodiment, most 
circuit elements of the MRAM device, with the exception of the magnetic 
memory elements, digit lines, bit lines (if applicable), and write lines are 
integrated onto the substrate 200 before forming the conductive plugs 

25 220a and 220b. In one embodiment the conductive plugs 220a and 
220b comprise an adhesion/barrier layer (not shown) and a plug fill 
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material. The adhesion/barrier layer is typically a refractory metal, such 
as tungsten (W), titanium (Ti), tantalum (Ta), and the like, a refractory 
metal nitride, or a combination of refractory metals or their nitrides. The 
plug fill material is typically tungsten, aluminum, copper, or a like 

5 conductive material. The adhesion/barrier layer and plug fill material can 
be deposited using PVD, CVD, electroplating processes, combinations 
thereof, or the like. After depositing the adhesion/barrier layer and the 
plug fill material, the substrate surface is polished to remove portions of 
the adhesion/barrier layer and plug fill material not contained within the 

10 opening to form the conductive plugs 220a and 220b shown in FIG. 3. 

After forming the conductive plugs 220a and 220b, digit lines for the 
subsequently formed magnetic memory elements are defined. As 
shown in FIG. 4, an etch stop layer 222 and ILD layer 224 are formed 
over the substrate surface. In one embodiment, the etch stop layer 222 

15 is a layer of CVD deposited silicon nitride. Alternatively, other materials 
such as aluminum nitride or aluminum oxide and other deposition 
methods, such as PVD or combinations of CVD and PVD can be used to 
form the etch stop layer 222. The ILD layer 224 can be formed using 
any of the materials or processes previously described to form the ILD 

20 layer 21 8. In accordance with one embodiment, the ILD layer 224 is a 
layer of CVD silicon dioxide having a thickness in a range of 
approximately 400-600 nanometers. 

Next, the substrate surface is patterned and etched using 
conventional processes to define trenches 225 and contact window 

25 openings 227 within the ILD layer 224. The etch process then uses a 
chemistry which etches the etch stop layer 222 so that the contact 
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window openings 227 extend to the conductive plugs 220a and 220b. In 
an alternate embodiment, if an endpoint etching process or a well 
controlled timed etch process is used to form the trenches and contact 
window openings, the use of the etch stop layer 222 may not be 
5 necessary. 

Next, a relatively thin layer of high-permeability magnetic material 
226 is deposited overlying the substrate surface. Typically, the layer of 
high-permeability material 226 includes an alloy material, such as nickel- 
iron (NiFe). In accordance with one embodiment, the thickness of the 

10 layer of high-permeability magnetic material 226 is in a range of 

approximately 5-40 nanometers. To improve adhesion of the magnetic 
field focusing layer 226 or to provide a barrier to prevent species of the 
high-permeability material from diffusing into the ILD layer 224, a layer of 
titanium nitride, tantalum, tantalum nitride, or other such material can be 

15 formed between the layer of high-permeability magnetic material 226 
and the ILD layer 224. 

A conductive layer 228 is then deposited over the layer of high- 
permeability magnetic material 226 to substantially fill the trenches 225 
and contact window openings 227 and form the structure as shown in 

20 FIG. 4. In accordance with one embodiment, the conductive layer 228 is 
a layer of copper, which includes a PVD deposited seed layer (not 
shown) and an electroplated overlayer. Alternatively, the conductive 
layer 228 can be formed using other materials such as aluminum, 
aluminum alloys, copper alloys, or combinations thereof. To improve 

25 adhesion of the layer of high-permeability material 226 or to provide a 
barrier protection, a layer of titanium nitride, tantalum, tantalum nitride, 
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or the like can formed between the magnetic field focusing layer 226 and 
the conductive layer 228. 

Turning now to FIG. 4, after depositing the conductive layer 228, 
portions of the conductive material 228 and magnetic field focusing layer 

5 226 not contained within the trench openings 225 and the contact 
window openings 227 are removed and the substrate surface is 
planarized using a conventional CMP process. At this point, digit lines 
229a and 229b have substantially been formed. Digit lines 229a and 
229b are partially surrounded by remaining portions of high-permeability 

10 layers 226. These remaining portions of high-permeability layer 226 
help to reduce the digit line's magnetic flux leakage and to focus the digit 
line's magnetic fields towards overlying magnetic memory elements that 
will subsequently be formed. 

A dielectric layer 230 is then deposited overlying the substrate 

15 surface, including over digit lines 229a and 229b. A CMP process may 
be used to planarize the upper surface of dielectric layer 230 The 
dielectric layer 230 is patterned and etched to form openings 301 and 
302 as shown in FIG 3. Next, a conductive layer 232 is deposited over 
dielectric layer 230. Dielectric layer 230 electrically isolates the digit 

20 lines 229a and 229b from the conductive layer 232. In accordance with 
one embodiment, the thickness of the conductive layer 232 is in a range 
of approximately 40-60 nanometers. After depositing the conductive 
layer 232, the substrate surface can be planarized using a polishing 
process. 

25 Next, magnetic memory element layers 234, 236 and 238 are 

deposited over the conductive layer 232. The memory element layers 
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234, 236 and 238 can be deposited using PVD, ion beam deposition 
(IBD), CVD, combinations thereof, or the like. The bottom magnetic 
memory element layer 234 and the top magnetic memory layer utilize 
magnetic materials, such as NiFe, CoFe, NiFeCo, and the like. The 

5 middle memory element layer 236 typically comprises a thin tunnel 
dielectric material such as aluminum oxide (Al 2 0 3 ), in a MTJ array, and 
copper (Cu) in a GMR array. In one embodiment, memory element layer 
236 is formed by first depositing an aluminum film over bottom magnetic 
layer 234 and then oxidizing the aluminum film using an oxidation 

10 source, such as an RF oxygen plasma. Alternatively, aluminum oxide is 
deposited on layer 234 which may then be followed by a subsequent 
process in a heated or unhealed oxygen ambient to ensure complete 
oxidation of the aluminum. The thicknesses of magnetic memory 
element layers 234 and 238 are typically in a range of approximately 2- 

15 20 nanometers. The thickness of the memory element layer 236 is 
typically in a range of approximately 1-3 nanometers. One of the 
magnetic memory element layers 234 and 238 must form the fixed layer 
and the other the free layer. In the preferred embodiment the bottom 
magnetic memory layer 234 is the fixed layer and the top magnetic layer 

20 238 is the free layer. Formation of the fixed and free layers can follow 
materials and structures known in the art. The fixed layer can use a 
magnetic material with a higher coercive field than that of the free layer 
material. Alternatively, geometrical effects such as thickness or length- 
to-width aspect ratios can be used to make the free layer easier to 

25 switch than the fixed layer. Multilayer stacks such as a nonmagnetic or 
antiferromagnetic layers sandwiched between two magnetic layers with 
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opposite magnetization vectors also can be used to form the fixed layer. 
Multilayer stacks (for example, of CoFe with NiFe) also can be used to 
form the free layer. 

Turning now to FIG. 5, the substrate surface is patterned and 

5 etched to form magnetic memory elements 240a and 240b from 

remaining portions of memory element layers 234, 236 and 238 and to 
form conductive members 242a and 242b from remaining portions of 
conductive layer 232. The conductive member 242a interconnects 
magnetic memory element 240a to transistor 207a via conductive plug 

10 220a and conductive member 228a, and the conductive member 242b 
interconnects magnetic memory element 240b to transistor 207b via 
conductive plug 220b and conductive member 228b. 

Referring now to FIG. 6, in accordance with one embodiment, after 
forming the magnetic memory elements 240a and 240b and conductive 

15 members 242a and 242b, an ILD layer 244 is deposited over the 
substrate surface. In the preferred embodiment a CMP process will be 
used to planarize ILD layer 224. Then etch stop layer 246 is deposited 
overlying the ILD layer 244. Then, portions of the etch stop layer 246 
and ILD layer 244 overlying magnetic memory elements 240a and 240b 

20 are removed to define openings that expose portions of the magnetic 
memory elements 240a and 240b. Next, conductive layer 248 is 
deposited over the substrate surface and within the openings. Then the 
conductive layer is polished to form conductive members 248a and 248b 
as shown in FIG. 6. One of ordinary skill in the art recognizes that up to 

25 this point, the process of fabricating the MRAM device has been 

conventional to one of ordinary skill in the art. Although processing of 
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the MTJ device has been described, one skilled in the art appreciates 
that a GMR device using the present invention can be fabricated using 
known methods up to this point, as well. 

Referring now to FIGs. 6 and 7-1 3, an embodiment of the present 

5 invention will be discussed in further detail. FIG. 6 includes a cross 
section of a substantially completed MRAM device 501 . The cross- 
section extends substantially along the same axis as a length of the bit 
line structure 274 and shows that the bit line structure 274 electrically 
connects to the magnetic memory elements 240a and 240b. The bit line 

10 structure 274 is a magnetically clad bit line structure that includes 
conductive material 250 and a self-aligned magnetic cladding capping 
layer 252. Overlying the bit line structure 274 is a passivation layer 254. 

FIGs. 7-13 include an enlarged cross-sectional view illustrating a 
sequence of processing steps used to fabricate an embodiment of the 

15 present invention, which includes the self-aligned magnetic clad bit line 
for the MRAM device 501 shown in FIG 6. The views shown in FIGs. 
7-13 include a cross-section through the dielectric layer 230 and the 
conductive member 248a as indicated by the arrows 7 —7 of FIG. 6. 
Referring now to FIG. 7, after forming the conductive members 

20 248a and 248b (248b not shown in FIG. 7) an ILD layer 256 is formed 
over the etch stop layer (the ILD layer 256 is not shown in FIG. 6 due to 
the orientation of the cross-section). In one embodiment, the ILD layer 
256 is a silicon dioxide based material deposited by CVD and formed 
using TEOS as a source gas. Alternatively, ILD layer 256 can be a layer 

25 of silicon nitride, a layer of PSG, a layer of BPSG, a SOG layer, a layer 
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of SiON, a polyimide layer, a layer of a low-k dielectric material, a 
combination of the forgoing materials, or the like. 

After depositing the ILD layer 256, the substrate surface is 
patterned and etched to form a trench 256 in the ILD layer 256. As 
5 shown in FIG. 7, the trench 258 is substantially aligned with the 
conductive member 248a and the magnetic memory element 240a. 
Although not shown in FIG. 7, the trench extends in a direction, such 
that it also substantially aligns with other magnetic memory elements 
associated with the bit line structure 274, shown in FIG. 6. 

10 Next, a layer of a high-permeability magnetic material 260 is 

deposited over the ILD layer 256 and within the trench 258 as shown in 
FIG 8. In accordance with one embodiment, the layer of high- 
permeability magnetic material layer 260 includes NiFe. Alternatively, 
the layer of high-permeability magnetic material can be a layer of 

15 NiFeCo. Typically, the layer of high-permeability magnetic material 260 
is deposited using PVD. Alternatively, CVD, electroplating, electroless 
plating, or the like can also be used to form the layer of high-permeability 
magnetic material 260. Typically, the thickness of the layer of high- 
permeability magnetic material 260 is in a range of approximately 5-40 

20 nm. One of ordinary skill in the art realizes that as technology advances, 
the trench dimensions may shrink. If the trench shrinks, the thickness of 
high-permeability magnetic material 260 may not be within the 5^ 40 nm 
range. If this is the case, another thickness, which does not fill the 
trench, should be choosen. 

25 Next, the high-permeability layer 260 is anisotropically etched to 
form spacers (magnetic cladding sidewall members) 262 adjacent 
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sidewalls of the trench opening 258, as shown in FIG. 9. In one 
embodiment, the layer of a high permeability layer 260 is etched using a 
plasma etch process chemistry. This plasma etch may include chlorine 
(CI) based chemistries, or argon (Ar) based chemistries, or combinations 

5 of such chemistries. Such etch chemistries may also include other 
gases such as nitrogen (N). Alternatively an ion milling process may be 
used to form the spacers. 

After forming the magnetic cladding sidewall members 262, a layer 
of conductive material 250 is deposited overlying the substrate surface 

10 and within the trench opening 258 as shown in FIG 9. The conductive 
material or layer 250 can be deposited using PVD, CVD, electroplating, 
electroless plating, or combinations thereof. Typically, the conductive 
material 250 has a thickness that substantially fills the trench. One of 
ordinary skill recognizes that this thickness requirement will vary as a 

15 function of the depth and width dimensions of the trench. In accordance 
with one embodiment, the conductive material 250 is a layer of copper. 
Alternatively, the conductive material 250 can include other materials 
such as copper alloys, aluminum, or aluminum alloys including 
aluminum-copper. Next, portions of conductive material 250 that are not 

20 contained within the trench 258 are removed and the substrate surface 
is planarized via CMP to form the structure shown in FIG. 10. 

Referring now to FIG. 12, portions of the conductive material 250 
within the trench 258 are removed to form a recess which extends below 
the uppermost portions of the trench 258 (i.e. the top surface portions of 

25 ILD layer 256). In accordance with one specific embodiment, the recess 
is formed using a reactive ion etch process or a wet etch process which 
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removes portions of the conductive material 250 at a rate of 
approximately 3-5 times greater than it removes portions of the ILD layer 
256. The etch also should remove the magnetic cladding sidewall 
member 262 at a rate which is faster than the etch rate of the conductive 

5 layer 250. Typically, the amount of recess 268 is determined by the 
thickness requirements of a subsequently formed self-aligned magnetic 
cladding capping member as will be explained. Alternatively, the 
present inventors have recognized that the removal and recessing of the 
conductive material 250 can also advantageously be accomplished 

10 using a single spin-etch process to planarize and recess the conductive 
material within the trench. [I need an example here. ] Referring now to 
FIG. 12, after recessing the trench, a capping layer 270 that includes a 
high-permeability material such as NiFe is deposited overlying the 
substrate surface and within the recess 268 of trench 258. Alternatively, 

15 other materials having soft magnetic properties [or do we want to say 
high permeability properties?] such as NiFeCo or CoFe can be used 
to form a magnetic clapping material or a capping layer 270. Typically, 
the magnetic capping material 270 has a thickness that is sufficient to fill 
the recess 268 in the trench 258. In accordance with one embodiment, 

20 the magnetic clapping material 270 is deposited using a PVD process. 
Alternatively the magnetic clapping material 270 can be formed using 
IBD [What does this acronym stand for?], CVD, electroplating, 
combinations thereof, or the like. 

Referring now to FIG. 13, after depositing the magnetic cladding 

25 material 270, portions of the magnetic cladding material 270 not 
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contained within the recess 268 of the trench opening 258 are removed 
to form a self-aligned magnetic cladding cap 252 within the recess 268. 
The removal of these portions can be accomplished, for example, using 
a CMP process or, alternatively, a planarization etch-back process, as 

5 known to one of ordinary skill. The self-aligned magnetic cladding cap 
252 or magnetic cladding material 270 is at least substantially recessed 
with respect to the top of the trench 258 or the dielectric layer 256. In 
one embodiment, at least substantially recessed is quantified to mean at 
least 90% within the trench. A dielectric barrier or passivation layer 254 

10 can then deposited on the substrate surface by CVD, PVD, a 
combination of the two, or the like, to protect the substrate surface. 
Typically, the dielectric barrier is a silicon nitride (SiNx). Alternatively, the 
dielectric barrier can be formed of silicon, oxygen, nitrogen and 
combinations of these materials. By forming the magnetic cladding cap 

15 252 within the recess 268, the magnetic cladding cap structure 252 is 
advantageously self-aligned to the conductive material 250 and 
magnetic cladding sidewall spacers. The combination of the magnetic 
cladding sidewall spacers, conductive material 250, and magnetic 
cladding cap structure 252 forms the self-aligned magnetic clad bit line 

20 274 for the MRAM memory element 240a shown in FIG; 6. 

In an alternate embodiment, barrier layers 280, 282, 284 and 286, 
are formed, shown in FIG. 14, to limit diffusion between the materials on 
either side of the barrier. Barrier layer 280 is between the magnetic 
cladding sidewall spacers 262 and the ILD layer 256. Surrounding the 

25 conductive material 250 is barrier layer 282 which serves as a diffusion 
barrier between the conductive material 250 and the ILD layer 256 and 
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the conductive material 250 and the magnetic cladding sidewall spacers 
262. Below the magnetic cladding cap 252, barrier layer 284 serves as 
diffusion barrier of the cap 252 with the conductive material 250 and the 
magnetic cladding sidewall spacers 262. Diffusion can also be limited 

5 between the magnetic cladding cap 252 and the passivation layer 254, 
by forming barrier layer 286. Alternatively, the passivation layer may be 
an appropriate diffusion barrier and barrier layer 286 may not be 
required. One skilled in the art recognizes that any combination of the 
barrier layers 280, 282, 284 and 286 can be used. To form the barrier 

10 layers 280, 282, 284 and 286 the barrier materials can be deposited 
prior to depositing the magnetic cladding sidewall spacers 262, the 
conductive layer 250, the magnetic cladding cap 252 and the passivation 
layer 254, respectively. Typically, the barrier layers 280, 282, 284 and 
286 are deposited using PVD. Alternatively, CVD, a combination of PVD 

15 and CVD, or the like can be used. After deposition of the barrier 
material, the processing flow previously discussed is followed starting 
with polishing or etching of the deposited layers. Typically, the thickness 
of the barrier material is approximately 5 to 20 nanometers One skilled 
in the art recognizes that the choice of the barrier material depends on 

20 the materials on either side of barrier layers 280, 282, 283, and 284. 
To limit diffusion between NiFe, CoFe and NiFeCo, barrier layers 280, 
282, 284, and 286 can be comprised of Ta, TiW, TiN, TaN, and the like. 

Athough the present invention has been described in regards ot an 
25 MTJ array, one of ordinary skill in the art will realize that the present 
invention can be used in other devices, particular/ a GMR array. FIG. 
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15 shows GMR array 30. Write line 32, which is also a word line, 
includes the self-aligned magnetic cladding cap 252 of the present 
invention. A separate bit line 34 connects GMR memory element 36 in 
an array with other GMR memomory elements. The nonmagnetic 

5 conductor 38 in the magnetic stack is usually a conductor in GMR 
arrays. As one skilled in the art knows, the GMR array 30 is read 
through the bit line 34. 

Unlike the prior art write line structure, which forms the magnetic 
cladding capping structure overlying the trench, the present invention 

10 advantageously forms the magnetic cladding capping structure within 
the trench. This eliminates the need to upsize the dimensions of the 
magnetic cladding capping structure for alignment and magnetic field 
containment purposes. Therefore, the width dimensions of the magnetic 
cladding cap 252 can be scaled to dimensions which are substantially 

15 the same as the width dimensions of the trench and significantly smaller 
than the width dimensions of the prior art magnetic cladding capping 
structure. Accordingly, the memory cell size and scalability is no longer 
constrained by the magnetic cladding capping dimension requirements. 
In addition, because the cap 252 is self-aligned, processing steps to 

20 form the magnetic cladding capping structure, which include patterning, 
etching, and resist removal can advantageously be eliminated. Their 
elimination improves manufacturability by reducing cycle time, reducing 
potential for misprocessing, and reducing overall processing costs. In 
addition, the disclosed embodiments can be integrated into an existing 

25 process flow without the use of additional materials beyond those used 
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in the prior art and with only limited changes in the processes and 
process equipment. 

In the foregoing specification, the invention has been described 
with reference to specific embodiments. However, one of ordinary skill 

5 in the art appreciates that various modifications and changes can be 
made without departing from the scope of the present invention as set 
forth in the claims below. Accordingly, the specification and figures are 
to be regarded in an illustrative rather than restrictive sense, and all such 
modifications are intended to be included within the scope of the present 

10 invention. Benefits, other advantages, and solutions to problems have 
been described with regard to specific embodiments. However, the 
benefits, advantages, solutions to problems, and any element(s) that 
may cause any benefit, advantage, or solution to occur or become more 
pronounced are not to be construed as a critical, required, or essential 

15 feature or element of any of the claims. 
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CLAIMS 

What is claimed is: 

1 . A semiconductor device, comprising: 

a write line which generates a magnetic field upon the application 
of current, wherein: 
the write line extends within a trench and further includes a 
conductive write line material and a magnetic cladding 
material, wherein the magnetic cladding material at least 
partially surrounds the conductive write line material along 
sidewalls and a top surface of the conductive write line 
material, wherein portions of the magnetic cladding material 
overlying the top surface are substantially recessed with 
respect to the top of the trench. 

2. The semiconductor device of claim 1 further comprising a magnetic 
memory element under the trench. 

3. The semiconductor device of claim 1 , wherein at least 90 percent of 

the magnetic, cladding material is recessed with respect to the top 
surface of the trench. 

4. A semiconductor device, comprising: 
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a magnetic memory element interposed between a digit line and a 
bit line, wherein: 

the digit line extends in a first direction; and 
the bit line extends within a trench in a second direction that 
is perpendicular to the first direction and further includes 
a conductive bit line material and a magnetic cladding 
material, wherein the magnetic cladding material at least 
partially surrounds the conductive bit line material along 
sidewalls and a top surface of the conductive bit line 
material, wherein portions of the magnetic cladding 
material overlying the top surface are substantially 
recessed with respect to the top of the trench. 

5. A semiconductor device structure, comprising: 
a dielectric layer; 

a trench opening within the dielectric layer; 

a sidewall magnetic cladding material within the trench opening 

disposed along sidewalls of the trench opening; 
a conductive material within the trench opening at least partially 

surrounded by the sidewall magnetic cladding material; and 
a capping magnetic cladding material within the trench opening, 

wherein portions of the capping magnetic cladding material 

are substantially recessed with respect to a top surface of the 

dielectric layer. 
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6. The semiconductor device of claim 5, wherein a top surface of the 

capping magnetic cladding material and the top surface of the 
dielectric layer are planar with respect to each other. 

7. The semiconductor device of claim 5, further comprising a barrier 

material at least partially surrounding the conductive material. 

8. The semiconductor device of claim 5, wherein the semiconductor 

device structure is further characterized as a magnetoresistive 
random access memory bit line. 

9. The semiconductor device of claim 5, further comprising a second 

barrier material between the dielectric layer and the sidewall 
magnetic cladding material. 

1 0. A method for forming a semiconductor device comprising: 

forming magnetic memory elements overlying a semiconductor 

device substrate; 
forming a dielectric layer overlying the magnetic memory elements; 
forming a trench opening within the dielectric layer; 
forming magnetic cladding sidewall spacers on adjacent sidewalls 

of the trench; 
forming a conductive material within the trench; 
forming a magnetic cladding cap within the trench and overlying 

the conductive bit line material; wherein portions of the 
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magnetic cladding cap is at least substantially recessed with 
respect to a top surface of the dielectric layer, and wherein a 
combination of the conductive bit line material within the 
trench, the magnetic cladding sidewall spacers and the 
magnetic cladding cap form a clad bit line. 
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(57) Abstract: A self-aligned magnetic 
clad bit line structure (274) for a 
magnetoresistive memory element (240a) 
and its method of formation are disclosed, 
wherein the self-aligned magnetic clad bit 
line structure (274) extends within a trench 
(258) and includes a conductive material 
(250), magnetic cladding sidewalls (262) 
and a magnetic cladding cap (252). The 
magnetic cladding sidewalls (262) at least 
partially surround the conductive material 
(264) and the magnetic cladding cap (252) 
is at least substantially recessed within the 
trench with respect to the top of the trench. 



26 



AMENDED CLAIMS 

[received by the Internationa! Bureau on 24 March 2003 (24.03.03); 
original claims 7 and 9 cancelled; new claims 1 1 and 12 added; 
remaining claims unchanged (4 pages)] 

1. A semiconductor device, comprising: 

a write line which generates a magnetic field upon the application of current, wherein: 
the write line extends within a trench and further includes a conductive write line 
material and a magnetic cladding material, wherein the magnetic cladding 
material at least partially surrounds the conductive write line material along 
sidewalls and a top surface of the conductive write line material, wherein portions 
of the magnetic cladding material overlying the top surface are substantially 
recessed with respect to the top of the trench. 

2. The semiconductor device of claim 1 further comprising a magnetic memory element under 
the trench. 

3. The semiconductor device of claim 1, wherein at least 90 percent of the magnetic cladding 

material is recessed with respect to the top surface of the trench. 

4. A semiconductor device, comprising: 

a magnetic memory element interposed between a digit line and a bit line, wherein: 
the digit line extends in a first direction; and 

the bit line extends within a trench in a second direction that is perpendicular to 
the first direction and further includes a conductive bit line material and a 
magnetic cladding material, wherein the magnetic cladding material at least 
partially surrounds the conductive bit line material along sidewalls and a top 
surface of the conductive bit line material, wherein portions of the magnetic 
cladding material overlying the top surface are substantially recessed with 
respect to the top of the trench. 
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5. A semiconductor device structure, comprising: . 

a dielectric layer; 

a trench opening within the dielectric layer; 

a sidewall magnetic cladding material within the trench opening disposed along sidewalls 

of the trench opening; 
a conductive material within the trench opening at least partially surrounded by the 

sidewall magnetic cladding material; and 
a capping magnetic cladding material within the trench opening, wherein portions of the 

capping magnetic cladding material are substantially recessed with respect to a top 

surface of the dielectric layer. 

6. The semiconductor device of claim 5, wherein a top surface of the capping magnetic cladding 

material and the top surface of the dielectric layer are planar with respect to each other. 

8. The semiconductor device of claim 5, wherein the semiconductor device structure is further 
characterized as a magnetoresistive random access memory bit line. 

10. A method for forming a semiconductor device comprising: 

forming magnetic memory elements overlying a semiconductor device substrate; 
forming a dielectric layer overlying the magnetic memory elements; 
forming a trench opening within the dielectric layer, 

forming magnetic cladding sidewall spacers on adjacent sidewalls of the trench; 
forming a conductive material within the trench; 

forming a magnetic cladding cap within the trench and overlying the conductive bit line 
material; wherein portions of the magnetic cladding cap is at least substantially 
recessed with respect to a top surface of the dielectric layer, and wherein a 
combination of the conductive bit line material within the trench, the magnetic 
cladding sidewall spacers and the magnetic cladding cap form a clad bit line. 
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1 1. A method for forming a magnetic element comprising; 

providing a semiconductor substrate; 

depositing a dielectric layer over the semiconductor substrate; 

forming a trench in the dielectric layer; 

plating a high permeability magnetic material within the trench; and 
forming a conductive material over the high permeability magnetic material and within 
the trench. 

12. A method for forming a bit line comprising: 

providing a semiconductor substrate; 

depositing a dielectric layer over the semiconductor substrate; 

forming a trench in the dielectric layer; 

electrolessly plating a high permeability magnetic material within the trench; and 
electrolessly plating a conductive material over the high permeability magnetic material 
and within the trench. 



AMENDED SHEET (ARTICLE 19) 



29 



Statement under article 19(1) 
Applicants submit that the new claims do not add new matter to the application. More 
specifically, claims 11 and 12 are supported by at least page 13, lines 19-26 of the English 
specification. 
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(57) Abstract: A self-aligned magnetic 
clad bit line structure (274) for a 
magnetoresistive memory element 
(240a) and its method of formation 
are disclosed, wherein the self-aligned 
magnetic clad bit line structure (274) 
extends within a trench (258) and 
includes a conductive material (250), 
magnetic cladding sidewalls (262) and 
a magnetic cladding cap (252). The 
magnetic cladding sidewalls (262) at 
least partially surround the conductive 
material (264) and the magnetic cladding 
cap (252) is at least substantially 
recessed within the trench with respect 
to the top of the trench. 
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